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E-mail address: concetta.alberti@unipd.it (C.F. AlbOrientation discrimination of a texture line having orientation different from that of static background
lines is facilitated when the lines are aligned along their orientation axis and when their separation is
small (Experiment 1a). The facilitation by alignment remains when motion is added to the target (Exper-
iment 1b). However, when the motion rather than the orientation has to be judged, alignment reduces
sensitivity (d0) regardless of whether the target has orientation the same as (iso-oriented) or different
from background elements (Experiment 2). The inhibitory effect of alignment is conﬁrmed when subjects
have to discriminate the motion direction of an iso-oriented target (Experiment 3). Such inhibition by
alignment is stronger when elements are close and may reﬂect a property of lateral interactions of
motion detectors, since it is only present when observers have to judge the target motion direction. Over-
all, our results indicate an opposite role of the lateral interactions that facilitate grouping of iso-oriented
and collinear elements, in segmentation by orientation contrast and motion contrast. In other words, glo-
bal grouping (i) facilitates discrimination of orientation contrast, indicating a global process, and (ii)
inhibits both detection and discrimination of motion contrast, suggesting the presence of a local process.
 2010 Elsevier Ltd. All rights reserved.1. Introduction can be both inhibitory and excitatory (for a review see Lamme,Fragments of images are not processed in isolation, but instead
are interpreted as part of a whole, global structure. The Gestalt psy-
chologists were the ﬁrst to describe the inﬂuence of global context
on the perception of local features and to suggest that perceptual
salience depends upon Gestalt laws of perceptual organization.
According to the Gestalt laws of proximity, similarity, good contin-
uation and common fate, some elements in an image segment from
surrounding elements if they are remote from each other, dissim-
ilar, misaligned or do not move in the same direction (Rock & Pal-
mer, 1990). The initial outputs of low-level visual ﬁlters selective
for basic features of a stimulus (e.g., spatial frequency, orientation,
direction of motion and position) are insufﬁcient to account for
these visual context effects. To explain contextual inﬂuences, phys-
iologists suggested and demonstrated that the response of cells in
V1 to stimuli presented inside the classical receptive ﬁeld (RF) can
be modulated by stimuli laying in the surroundings of RF, while re-
cent anatomical (Rockland & Lund, 1982, 1983) and physiological
studies have investigated spatial (Gilbert, Das, Ito, Kapadia, &
Westheimer, 1996; Kapadia, Ito, Gilbert, & Westheimer, 1995)
and temporal mechanisms (Singer & Gray, 1995; Yen & Finkel,
1998) by which these context-dependent effects may arise in the
striate cortex. It has been shown that these contextual inﬂuencesll rights reserved.
erti).2004). For example, single unit recording showed the existence
of suppressive/inhibitory interactions between the classical and
the surrounding RFs (Nelson & Frost, 1978; Sillito, Grieve, Jones,
Cudeiro, & Davis, 1995). Although the presence of collinear ﬂankers
also acts to suppress the cell response with targets at suprathresh-
old contrast levels (Polat, Mizobe, Pettet, Kasamatsu, & Norcia,
1998), collinearity may produce facilitation when a near threshold
stimulus inside the RF is ﬂanked by high contrast collinear ele-
ments in the surround. However, a study of Kapadia et al. (1995)
reports excitatory inﬂuences also using high contrast bar stimuli
when these are co-aligned over both the classical and non-classical
RF. Psychophysical studies often reported a suppressive effect of
collinear ﬂankers on contrast detection or discrimination (Snow-
den & Hammett, 1998; Solomon, Sperling, & Chubb, 1993). How-
ever, Polat and Sagi (1993, 1994) clearly showed increased
contrast sensitivity for a target, a Gabor consisting of a cosinusoidal
carrier multiplied by a Gaussian envelope, surrounded by two Ga-
bor ﬂankers when local and global orientations were aligned. The
space constant of the Gaussian envelope (r) was set equal to the
wavelength of the carrier; this had the effect to scale the size of
the Gabor as a function of the carrier’s wavelength and permitted
to set the target-ﬂanker distance proportionally to the size of the
Gabors. The centre-to-centre target-ﬂanker distance was expressed
in terms of multiples of the carrier’s wavelength. In particular, Po-
lat and Sagi (1993) using a low contrast Gabor vertically sur-
rounded by two high contrast Gabors found a suppressive region
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increased the target contrast thresholds. Beyond this range they
found a larger facilitatory region up to 10k, in which there was a
decrease of the target’s contrast threshold. Polat and Sagi (1993)
using a wavelength of 0.15, a spatial frequency of 6.67 cpd (1/k)
and r of 0.15, found a facilitation at 3k of target-ﬂank distance
(i.e., 30.15 = 0.45) that corresponds to about 30 arcmin. Kapadia
et al. (1995) also reported that observer’s contrast detection for a
bar was 40% improved by a second suprathreshold collinear bar
at a distance of about 30 arcmin.
To summarize, there is both neurophysiological and psycho-
physical evidence of collinear facilitation in contrast detection of
targets at both threshold and suprathreshold levels.
Contextual inﬂuences by collinear elements may also facilitate
texture segmentation based on differences in orientation. Collinear
facilitation by the ﬂankers in a contrast detection task was also
found when the target had to be segmented from randomly ori-
ented background elements (Polat & Bonneh, 2000). In this case,
although the background increased contrast thresholds, suppres-
sion became facilitation when two of the elements ﬂanking the tar-
gets were made iso-oriented and collinear, even at relatively high
target contrast levels (up to 40%). The distance capturing maximal
facilitation was again at 3k (corresponding to 30 arcmin). The re-
sults outlined by Polat and Bonneh (2000) suggest that when
employing appropriate distances, facilitation of texture segmenta-
tion by collinear ﬂankers may occur when the target is deﬁned by a
relatively wide range of luminance contrast levels. The study of Po-
lat and Bonneh (2000) is relevant because the facilitation by collin-
ear ﬂankers is found in a task involving both contrast detection and
texture segmentation based on orientation contrast. Indeed,
whereas improved detection of the isolated target indicates con-
trast enhancement, improved texture segmentation indicates re-
duced surround suppression from the randomly oriented
background. In the conditions in which a facilitatory effect was
found with a suprathreshold target, Polat and Bonneh (2000) mea-
sured improved target-background segmentation based on orien-
tation contrast by the collinear iso-oriented ﬂankers rather than
contrast detection. In our recent study in which target and back-
ground elements had the same high contrast (Casco, Campana,
Han, & Guzzon, 2009), we isolated the role of ﬂankers collinearity
in texture segmentation based on orientation contrast; that is, the
observers’ ability to discriminate the orientation of a central Gabor
from a background of 45 oriented Gabors was found to increase
when the target was ﬂanked by two iso-oriented and collinear
ﬂankers compared with ﬂankers iso-oriented and non-collinear
or else ortho-oriented.
In addition to the facilitation of texture segmentation induced
by ﬂankers collinear with respect to the target, the facilitatory ef-
fect may be investigated by manipulating the collinearity of the
background elements (i.e., the texture region). There is wide evi-
dence that alignment of elements in the texture region also facili-
tates segmentation based on orientation contrast in several tasks:
localization of differently oriented texture element (Meigen, Lagr-
eze, & Bach, 1994), discrimination of a texture boundary (Giora &
Casco, 2007) and of a texture ﬁgure (Casco, Campana, Grieco, &
Fuggetta, 2004; Casco, Grieco, Campana, Corvino, & Caputo, 2005;
Harrison & Keeble, 2008). Such facilitation from the region poses
problems of establishing whether collinearity is a background or
a target-to-background feature. Indeed, the facilitation by collin-
earity may occur both from elements near the target and from
those in the texture region – where iso-oriented and collinear ele-
ments form perceptual structures that may facilitate segmentation
based on orientation contrast. Studies by both Giora and Casco
(2007) and Harrison and Keeble (2008) have shown a speciﬁc effect
of the facilitation from the region, independent of that produced by
target-to-ﬂanker lateral interactions.To summarize, previous studies show that ﬂankers iso-oriented
and collinear with the target facilitate its segmentation from the
surrounding texture region. This may reﬂect the role of collinearity
in increasing the saliency of the target as a consequence of the
reduction of surround suppression by iso-oriented background ele-
ments. Moreover, segmentation based on orientation contrast may
also be facilitated by the alignment of element in the far texture
region.
In the present study we asked whether background collinearity
could facilitate the target-to-background segmentation, both when
the segmentation was based on motion contrast and on superim-
posed features-contrast, such as orientation and motion. To this
purpose we compared contextual inﬂuences when background ele-
ments and target where aligned (collinear) and when they were
misaligned (non-collinear), in three conditions of features-con-
trast: (i) when target saliency was due to orientation contrast
alone; (ii) when target saliency was due to orientation and motion
contrast; (iii) when target saliency was due to motion contrast
alone. Thus, in our Experiments collinearity was both a background
and a target-to-background feature.
Although contextual inﬂuences have been shown in neurons
selective for both orientation and motion direction (Akasaki, Sato,
Yoshimura, Ozeki, & Shimegi, 2002; Jones, Grieve, Wang, & Sillito,
2001; Kastner, Nothdurft, & Pigarev, 1997; Walker, Ohzawa, &
Freeman, 1999), investigation to date has been limited to the
inhibitory effect of a surround drifting in the preferred direction
(Walker et al., 1999) and partially in the non-preferred direction
(Jones et al., 2001). These results show that the presence or ab-
sence of ﬁgure-ground segregation due to either a difference of ori-
entation or motion direction is critical for the strength of surround
suppression (Akasaki et al., 2002). To our knowledge, the issue of
whether discrimination of motion contrast can be modulated by
features-alignment has never been studied. A modulation, how-
ever, is not unlikely since Kapadia et al. (1995) found that the
detection enhancement at optimal coaxial separation was reduced
considerably by applying a lateral offset of as little as 10 arcmin;
this could suggest an inhibitory effect of alignment in motion
detection since motion also produces a lateral offset.
We compared the effect of contextual inﬂuences by non-collin-
ear and collinear background elements that form 45 oblique, col-
linear structures on various different tasks, considering not just
texture segmentation based on orientation contrast (Experiment
1a) and motion contrast alone (Experiment 3), but also measuring
orientation discrimination with a target deﬁned by superposition
of orientation and motion (Experiment 1b) and motion detection
of a target similarly deﬁned (Experiment 2). Moreover, we also
asked whether the effect of alignment was different for small
and large separations between elements. The seminal work of Ge-
stalt psychology (Wertheimer, 1923) threw light on the role of ele-
ments separation on perceptual integration of texture elements
into perceptual structures. The issue is still relevant because stud-
ies in recent decades have shown that inter-element spacing af-
fects texture segmentation (Nothdurft, 1985) in addition to
contrast detection. In addition, studies have shown that contrast
enhancement by collinear ﬂankers occurs only within a restricted
inter-element separation of 20–30 arcmin (Polat & Bonneh, 2000,
1993, 1994; Polat et al., 1998).2. General method
2.1. Apparatus and stimuli
Stimuli were generated by a Cambridge Research System VSG
graphics card with 12-bit luminance resolution, and displayed on
a gamma-corrected Sony monitor with a resolution of
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set at 100 Hz. Stimuli were free-viewed binocularly in a room with
dim illumination and presented at the centre of a monitor placed at
114 cm from the observer’s eye.2.2. Frame deﬁnition
In all Experiments the term ‘‘frame” refers to a set of three
identical displays for three monitor refreshes; thus, each frame
has a duration of 30 ms. Each frame contained a background tex-
tured region made up of line-segments slanted 45 clockwise
(Fig. 1). Line length was equal to 19 arcmin. Texture elements
were arranged on 8  8 raster subtending 6  6. The centre-
to-centre separations between lines were 32 and 44 arcmin for
the small and large separations, respectively. The target and
background elements were either aligned or deviated from align-
ment by modifying both horizontal and vertical positions by a
ﬁxed distance of 8 arcmin around the centre of each raster cell,
randomly in all directions. The target consisted in a line-segment
segregating from the background on the basis of orientation con-
trast, motion contrast or both orientation and motion contrast.
The target was one background line chosen randomly. When de-
ﬁned by orientation contrast, target line orientation (target tilt
direction) differed with respect to background line orientation
either clockwise (more-horizontal) or counter-clockwise (more-
vertical). Target-background orientation contrast (DH) was 0,
3, 6, 9 or 12 away from the initial orientation of 45 when
the target was moving and 0, 6, 12, 18 or 24 when it was static.
The luminance of the stimuli was 34.21 cd/m2. Background lumi-
nance was 2.06 cd/m2.2.3. Frames sequence
Each trial consisted of a sequence of two frames in which the
background elements maintained the same position, whereas the
target was either in the same position in the two frames (static
condition) or displaced horizontally by a distance (Dd) in the sec-
ond frame (moving condition). The two frames were separated by a
blank interval (inter-frame-interval – IFI) with a duration corre-
sponding to a single monitor refresh (i.e., 10 ms).2.4. Subjects
Six subjects (including two of the present authors) with normal
or corrected-to-normal vision, participated in each experiment. To
guarantee a repeated-measures design across experiments, ﬁve
observers (two authors and three naïve subjects) participated in
all experiments.Fig. 1. Two 8  8 rasters with more-horizontal targets (ringed) than the other iso-
oriented background elements. (a) Stimulus conﬁguration with small inter-element
separations. (b) Stimulus conﬁguration with large inter-element separations.2.5. Design
In all experiments, target tilt direction (more-horizontal and
more-vertical) and the levels of DH (Dd) were within-block fac-
tors. A block consisted of 10 randomly presented repetitions of
each stimulus level. The levels of misalignment, and the inter-ele-
ment separation were between-blocks factors. In each experiment
observers performed two repetitions of each block of trials so that
each data point was based on 20 observations. Each experiment
took place in different daily session and each session comprised
one block of each condition, performed in counter-balanced order
with a resting interval between blocks. Before starting each exper-
iment, subjects participated in a practice session consisting of 10
randomly chosen trials of the block they were going to perform
ﬁrst.2.6. Data analysis
To assess the inﬂuence of spatial context on local judgments, we
measured accuracy for identifying the direction of orientation
(Experiment 1) or of horizontal motion (Experiment 3); data were
ﬁtted using a Probit (Finney, 1971) to determine the threshold.
Each threshold estimate corresponded to the orientation contrast
(or motion contrast) resulting in 75% correct responses. In Experi-
ment 2 (in which we used a detection task), d0was calculated to as-
sess sensitivity.3. Experiment 1a: segmentation based on orientation contrast
Experiment 1a examined whether there is facilitation by ele-
ments’ alignment in the segmentation of a target deﬁned by orien-
tation contrast.3.1. Method
Stimulus, frame deﬁnition, frame sequence and experimental
design were the same as described in the general method. We used
ﬁve levels of orientation contrast (0, 6, 12, 18, and 24), two levels
of spatial separation (32 or 44 arcmin) and two levels of spatial jit-
ter (0 or 8 arcmin). Examples of the stimuli are represented in the
top row of Fig. 2 for the different alignment and spacing levels.
Observers were asked to perform a binary-choice task, indicating
whether the target was more-horizontal or more vertical than
background elements.3.2. Results and discussion
The psychometric functions for the six subjects are shown in
Fig. 3. Those deriving from aligned elements (thick lines) are stee-
per, indicating that the orientation discrimination is improved by
alignment. This result is conﬁrmed by the ANOVA, which revealed
a signiﬁcant reduction of thresholds by alignment, from 17.1 to
12.2 (F1,5 = 37.9; p = 0.002). Moreover, thresholds are lower for
the smaller inter-element separation of 32 arcmin (F1,5 = 58.2;
p = 0.001). Thus, orientation discrimination was easier when back-
ground elements and target were aligned and close to each other.
This result agrees with those obtained with contrast enhancement
paradigm in both physiological (Das & Gilbert, 1999; Kapadia,
Westheimer, & Gilbert, 2000) and psychophysical studies, which
show collinear facilitation at similar separations to those we used
(Polat & Sagi, 1993, 1994). The present results are in full agreement
with our previous psychophysical ﬁndings that segmentation of
one element by orientation contrast (Casco et al., 2009) is facili-
tated by spatially closed collinear and iso-oriented elements.
Fig. 2. Top row represents a view of the 8  8 matrix used as stimuli. Each stimulus
is deﬁned by a 2-frames sequence. Stimuli in the top row represent a target deﬁned
by orientation contrast (used in Experiment 1a) embedded in a background of
aligned and close elements (inter-element spacing equal to 33 arcmin, top row-a),
of misaligned and closed elements (top row-b), and aligned distant elements (inter-
element spacing equal to 44 arcmin, top row-c) and misaligned and distant
elements (top row-d). Middle row represents a target deﬁned by orientation and
motion contrast combined (used in Experiment 1b and Experiment 2) in the same
four conditions: 33-aligned (middle row-a), 33-misaligned (middle row-b), 44-
aligned (middle row-c), 44-misaligned (middle row-d). Bottom row represents a
target deﬁned by motion contrast (used in Experiment 2 and Experiment 3) in the
same four conditions: 33-aligned (bottom row-a), 33-misaligned (bottom row-b),
44-aligned (bottom row-c), 44-misaligned (bottom row-d).
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motion contrast
Experiment 1b examined whether the facilitation by elements’
alignment also occurs with target deﬁned by both orientation con-
trast and motion.5.1. Method
Stimulus, frame deﬁnition, frame sequence and experimental
design were the same as described in the general method. We used
ﬁve levels of orientation contrast (0, 3, 6, 9, and 12), two levels of
spatial separations (32 or 44 arcmin), a Dd of 4 arcmin, and two
levels of spatial jitter (0 or 8 arcmin). Examples of the stimuli are
shown in the middle row of Fig. 2 for the various alignment and
spacing levels. Observers were asked to indicate whether the target
was more-horizontal or more vertical than background elements.5.2. Results and discussion
The psychometric functions of the same six subjects who partic-
ipated in Experiment 1b are shown in Fig. 4. Once again the psy-
chometric functions are steeper in the aligned condition,
indicating that when the target is deﬁned by superimposed fea-
tures, the facilitation by alignment is still present. Indeed, the ef-
fect of alignment is still signiﬁcant (F1,5 = 9.8; p = 0.026),
indicating that thresholds are reduced by alignment at both sepa-rations. Moreover, the effect of spacing is also signiﬁcant (F1,5 = 7.6;
p = 0.04) indicating lower thresholds for small spacing.
For a clearer interpretation of these data, thresholds obtained in
Experiments 1a and 1b were compared with a general ANOVA; the
results are summarized in Fig. 5.
Thresholds are always lower when target moves (p = 0.001),
with aligned elements (p < 0.001), and with the smaller inter-ele-
ment separation (p = 0.002). In other words, aligned elements facil-
itate segmentation based on orientation contrast both when the
target is static and when the target moves.
Our suggestion is that facilitation of texture segmentation by
alignment comes from a global process of lateral interactions that
groups iso-oriented and aligned elements in the region into diagonal
chains, i.e., discrimination of the target orientation when compared
to the group seems easier than when compared to a single ﬂanker.
The question we ask is why facilitation by alignment persists
when the target is moving. Does the facilitation occur because of
the task that forces the subject to judge the direction of orientation
contrast? Or does it occur because there is a general facilitation by
alignment in motion discrimination? In the ﬁrst case, it would not
necessarily be present if the subjects were asked to judge the lat-
eral offset produced by motion: we formed this hypothesis on
the basis of the evidence (Kapadia et al., 1995) that with static
low-contrast targets and high-contrast ﬂanker, lateral offset re-
duces the facilitation produced by the ﬂanker; if the offset is large,
it results in inhibition of target detection.
To distinguish between these two possible explanations we
asked whether the segmentation of the moving target would be
facilitated by alignment when subjects had either to detect or to
discriminate their motion.6. Experiment 2: motion vs. orientation and motion
In Experiment 2 we compared sensitivity with aligned and mis-
aligned elements in two stimulus conditions: (i) with target de-
ﬁned by superimposed features in which the orientation contrast
was highly discriminable; (ii) with target deﬁned only by motion
contrast. If the facilitation by alignment reﬂected speciﬁc contex-
tual inﬂuences in discrimination of orientation contrast, regardless
of whether the target was static or moved, we would not expect
this facilitation in the condition in which orientation contrast
was abolished. Since most studies investigating collinear facilita-
tion used detection tasks, we also used a detection task in which
observers have to detect the target, present in 50% of the trials.6.1. Method
Stimulus, framedeﬁnition, frame sequence and experimental de-
signwere the sameas described in the generalmethod. In eachblock
the targetwas deﬁnedby superposition of orientation either 0 or 10
away from the initial orientation of 45, and motion contrast. We
used two levels of spatial separations (32 or 44 arcmin) and a Dd
of 3 arcmin for all subjects except AP (2 arcmin) and DG (5 arcmin)
and two levels of jitter (0 or 8 arcmin). The stimulus condition with
no orientation contrast is shown in Fig. 2 (bottom row) with a dis-
placement 5 arcmin (that used by DG). The stimulus condition with
orientation contrast present is shown in Fig. 2 (middle row) with an
orientation contrast slightly larger (12 instead of 10 arcmin).
A yes–no task was used in which observers had to indicate the
presence or absence of a moving target that segregated from the
static background and was present in half of the trials.
A block consisted of 80 randomly presented trials resulting from
10 repetitions of target tilt direction levels (more-horizontal and
more-vertical) and DH levels (0 and 10) for both present and ab-
sent trials. Target direction of tilt (more-horizontal vs. more-verti-
Fig. 3. Psychometric functions for the six subjects obtained in Experiment 1a, in which target was deﬁned by orientation contrast. The probabilities of correct answer are
shown as a function of the orientation contrast for small inter-element separations (continuous lines) and large inter-element separations (broken lines), with aligned (thick
lines) and misaligned (thin lines) elements.
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were within-block factors. Alignment and separation levels were
between-blocks factors.6.2. Results and discussion
The results, illustrated in Fig. 6, show that the effect of align-
ment is opposite to that found in Experiment 1, i.e., aligned ele-
ments did not facilitate detection but inhibited it. d0 was lower in
the aligned condition (F1,5 = 11.3; p = 0.02) and the effect was evi-
dent at both small and large spacing. Indeed, the interaction be-
tween alignment and spacing is not signiﬁcant (F1,5 = 2.29;
p = 0.19). Most importantly, although sensitivity increases when
orientation contrast is added to motion contrast (F1,5 = 16.6;
p = 0.01), the impairment by alignment is similar for targets having
0 and 10 orientation contrast. This clearly demonstrates that the
inhibition by alignment is an effect speciﬁc for detecting motion.
We suggest that alignment produces background grouping of ele-
ments into diagonal chains, and this impairs the local discrimina-
tion of the change of the target’s relative position with respect to
the background elements.7. Experiment 3: effect of amount of displacement
Experiment 3 was designed to conﬁrm the interpretation that
discriminationof the lateral offset producedbymotion is a localphe-
nomenon, which relies on comparison of relative position between
the target and one ﬂank. To seek support for this interpretation, wemeasured motion-induced lateral offset thresholds for a target iso-
oriented tobackgroundelements.Wepredicted that if basedon local
comparison of relative position, the motion discrimination task
would bemore difﬁcultwith aligned elements, since thesemight in-
duce perception of diagonal chain that includes the target.7.1. Method
Stimulus, frame deﬁnition, frame sequence and experimental
design were the same as described in the general method. The tar-
get had no orientation contrast. Consistently with the previous
experiments, we used two levels of spatial separation (32 or
44 arcmin), two levels of jitter (0 or 8 arcmin), and six levels of hor-
izontal displacement (0, 1, 2, 3, 4 and 5 arcmin). Examples of the
stimuli are given in the bottom row of Fig. 2 for the various differ-
ent alignment and spacing levels. Observers performed a binary-
choice task in which they had to discriminate the direction of mo-
tion: either leftwards or rightwards.
Thresholds for discriminating the direction of motion were ob-
tained by measuring accuracy as a function of motion displace-
ment, and were deﬁned as the smallest motion displacement
that allowed observers to judge correctly whether the target
moved left or right in 75% of the trials.7.2. Results and discussion
Fig. 7 shows that individual psychometric functions are stee-
per when elements are misaligned (thin lines), indicating lower
Fig. 4. Psychometric functions for the six subjects obtained in Experiment 1b, in which target was deﬁned by the superimposition of orientation contrast and motion. The
probabilities of correct answer are shown as a function of the orientation contrast for small inter-element separations (continuous lines) and large inter-element separations
(broken lines), with aligned (thick lines) and misaligned (thin lines) elements.
Fig. 5. Averaged orientation contrast thresholds obtained in Experiments 1a and
1b. For the aligned and misaligned conditions, thresholds are compared separately
for static and moving targets at small and large separations (see text for more
details).
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is conﬁrmed by the ANOVA, showing a signiﬁcant reduction
in thresholds when elements are misaligned (F1,5 = 7.17;
p = 0.04). Moreover, thresholds decrease at small separations
(F1,5 = 14.39; p = 0.013), indicating that local comparisons
between target and background elements, necessary to perform
the motion discrimination task, relies on short-range
interactions.8. General discussion
The present study was designed to establish whether a back-
ground and a target-to-background structure resulting from ele-
ments’ alignment affected segmentation by orientation and
motion contrast in similar or different ways. To address this ques-
tion we compared the effect that aligned and misaligned back-
ground elements had on different segmentation tasks, based on
orientation contrast, orientation and motion superimposed, and
motion alone. Discrimination of a target either static or moving
and having different orientation from background elements is
facilitated by alignment of the background elements at both small
and large spacing (Experiment 1). Instead, when the task is to de-
tect target’s motion or discriminate the targets’ motion direction,
the alignment does not facilitate, but rather it inhibits, and this is
conﬁrmed by both higher sensitivity (d0) (Experiment 2) and lower
thresholds in the misaligned condition compared with the aligned
condition (Experiment 3). Such inhibition by alignment in the mo-
tion discrimination task occurs regardless of whether the target is
always iso-oriented to background elements (Experiment 3) or is
iso-oriented in only half of the trials (Experiment 2). To investigate
the effect of background and target-to-background collinearity we
used the same stimulus conﬁguration across all the Experiments,
but we systematically varied the tasks. However, an anonymous
reviewer argued that the differences we found between the results
of Experiment 1b (orientation task) and 2 (motion detection) might
depend on the fact that the choice of orientation and motion fea-
Fig. 6. d0 for the six subjects with target deﬁned by orientation and motion contrast for two levels of orientation contrast (0 or 10) and two levels of inter-element separation.
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both Experiments were deﬁned by a superimposition of orienta-
tion and motion, the feature that permitted to discriminate the tar-
get from the background could be either orientation contrast in the
Experiment 1b (i.e., more-horizontal or vertical than the back-
ground elements) or the presence vs. absence of the orientation
feature in the case of the motion detection task (Experiment 2 –
in which we used two orientation levels [0 and ±10]). In order
to make the two conditions symmetric some motion signals should
be added to every background element in the motion task, for
example employing different directions and/or speeds with respect
to the target. Moreover, the orientation task could be made similar
to the motion task by removing orientation signals from the back-
ground. However, it should be noted that introducing differences
in speeds, motion direction or removing orientation signals from
the background reduces the similarity between target and back-
ground elements, this could affect lateral interactions and conse-
quently could not permit to establish the role of background and
target-to-background collinearity. Thus, we measured the effect
of collinearity by introducing voluntarily an asymmetry between
tasks and maintaining the same stimulus conﬁgurations across
all the Experiments. To some extent it is possible that in Experi-
ment 1b when judging the spatial orientation of the target, the
coexistent motion information could provide a signal that interacts
with the orientation signal improving target segmentation. Such
integration mechanism might operate maximally over a contour
of collinear and aligned elements, revealing a global nature. On
the other hand, when the relevant task feature become the mo-
tion-induced lateral offset, the operative range of such integration
mechanism could be shifted towards local comparisons and there-
fore be impaired by global conﬁgurations. Thus, our results with
moving target not only show the effect that motion offset increases
the saliency of a target deﬁned by orientation contrast but also re-
veal the new ﬁnding that the discrimination of its lateral offset,which relies on local comparison of relative position between tar-
get and ﬂanks, is inhibited by global collinearity grouping.
It is worthwhile exploring the literature for any indication of
dissociation between the effect of contextual inﬂuences with static
and dynamic displays. Neurophysiological studies suggest an inter-
pretation of facilitation by alignment relying on the well-known
modulation of the response in V1 to stimuli presented inside the
RF by stimuli lying outside the RF. In appropriate spatial conditions
and task, these ‘‘contextual inﬂuences” by collinear and iso-ori-
ented ﬂanker/s outside the RF facilitate the response to a stimulus
inside it (Kapadia et al., 1995; Polat et al., 1998), and this has been
suggested to account for the facilitatory effect of collinearity on
integration grouping (Casco et al., 2009; Field, Hayes, & Hess,
1993) and segmentation based on orientation contrast (Casco
et al., 2009; Giora & Casco, 2007; Harrison & Keeble, 2008; Kapadia
et al., 2000; Li, Piech, & Gilbert, 2006). Our results conﬁrm the sug-
gestion that features-contrast reduces inhibition by the surround
(Knierim & van Essen, 1992), and support the suggestion (Akasaki
et al., 2002; Chen, Dan, & Li, 2005; Jones et al., 2001; Kastner et al.,
1997; Lamme, 1995; Walker et al., 1999) that the differential
expression of the suppressive surround effect due to the presence
of orientation/direction contrast between elements in the classical
and non-classical RF might be the neuronal correlate of pop-out in
the primary visual cortex.
Our facilitatory effect of alignment on static segmentation can
be interpreted as reﬂecting a further disinhibitory mechanism
(Walker, Ohzawa, & Freeman, 2002), which, together with fea-
tures-contrast, contributes negatively to surround suppression in
texture images by reducing it. Therefore, our results support the
suggestion that target-to-ﬂanker/s and target-to-background col-
linearity not only facilitate contrast enhancement of targets at
threshold (Polat & Sagi, 1993, 1994) and suprathreshold levels (Po-
lat & Bonneh, 2000), but also facilitate texture segmentation (Casco
et al., 2004, 2005; Giora & Casco, 2007; Harrison & Keeble, 2008;
Fig. 7. Psychometric functions for the six subjects obtained in Experiment 3, in which target was deﬁned only by motion. The probabilities of correct answer are shown as a
function of the amount of displacement of the target for small inter-element separation (continuous lines) and large inter-element separation (broken lines), with aligned
(thick lines) and misaligned (thin lines) elements.
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facilitation we found in the orientation discrimination task when
the target was deﬁned by superimposed features although, as ex-
pected, this target is more salient than one deﬁned solely by orien-
tation contrast. The results obtained when motion was added to
orientation contrast agree with previous ﬁnding that there are con-
textual inﬂuences in neurons selective for both orientation and
motion direction (Akasaki et al., 2002; Jones et al., 2001; Kastner
et al., 1997; Walker et al., 1999).
The new ﬁnding here is that there are opposite contextual inﬂu-
ences that collinear elements in the texture produce on segmenta-
tion by orientation contrast and by motion contrast: these
contextual inﬂuences were inhibitory when subjects had to either
detect or discriminate motion contrast. It is possible that the mo-
tion is too fast to capture collinear facilitation, which is slower than
inhibition (Polat & Sagi, 2006). Note however that our stimulus was
not followed by the mask and therefore, considering the duration
of visual persistence, lateral interactions had more than 200 ms
to establish which, according to the results of Polat and Sagi
(2006) is long enough to produce the full pattern of lateral interac-
tions. On the other hand, our result of collinear inhibition in mo-
tion discrimination, together with the result of Kapadia et al.
(1995), that the detection enhancement at optimal coaxial separa-
tion between target and ﬂanker was reduced considerably by
applying a lateral offset to the ﬂanker of as little as 10 arcmin, sug-
gests a general inhibitory effect of alignment on the response of
mechanism encoding relative position between elements. While,
the effects of alignment and spacing on discrimination by orienta-tion contrast indicate that this task is facilitated when the target
orientation can be compared to the orientation of the whole struc-
ture rather than to that of a single element, and impaired when
these structures are perceptually weak. Instead, the discrimination
by motion contrast is modulated by collinearity in the opposite
way: segmentation by motion is worse when target and surround-
ing elements are aligned, suggesting that the integration of target
and background iso-oriented lines into a diagonal perceptual struc-
ture impairs motion discrimination. Furthermore, motion discrim-
ination is easier at short separations, a result supporting the
involvement of short-range lateral interactions.
So why is motion discrimination hampered by alignment? We
suggest that because of the aperture problem, unambiguous mo-
tion signals are located at line terminators (Pack, Gartland, & Born,
2004), which may be more difﬁcult to extract when collinearity
creates diagonal perceptual structures comprising both the target
and aligned background elements. Extraction of this information
may require local short-range comparison of the relative position
of contiguous line terminators; this may explain the improvement
at small separations. Georges, Series, Fregnac, and Lorenceau
(2002) showed that a Gabor patch moving in apparent motion
along a trajectory appears much faster when its orientation is
aligned with the motion path than when it is at an angle to it
and this speed bias decreased as the angle between the motion axis
and the orientation of the Gabor patch increased. Such collinear
motion-deﬁned structure (i.e., motion streak; Geisler, 1999) might
have many correspondences with respect to the static and aligned
conﬁguration we used. In particular, Georges et al. (2002) argued
C.F. Alberti et al. / Vision Research 50 (2010) 1065–1073 1073that this speed bias might rely on the existence of long-range inter-
actions between V1 neurons that elicit differential latency modula-
tions in response to apparent motion sequences. In our case, a
similar mechanism could operate by integrating collinear elements
in a diagonal structure. As a consequence, the motion-induced lat-
eral offset of a single target should be more difﬁcult to extract
when collinearity creates such structures that include both target
and aligned background elements. Thus, the extraction of local mo-
tion information may require more local short-range comparisons
of the relative position of contiguous line terminators. One inter-
esting speculation is therefore whether the effect of background
and target-to-background collinearity might be different for move-
ment in a direction orthogonal to the lines. This might improve
motion detection in the collinear conditions since it might give rise
to a better ﬁt with the response of motion detectors tuned to mo-
tion perpendicular to orientation.
To conclude, despite the fact that stimulus features such as orien-
tation and motion present similarities in relation to other local fea-
tures such as luminance, color or stereo disparity (having a spatial
property), they engage completely different mechanisms that use
the information from the structured background in an oppositeway.
Acknowledgment
This study was supported by a grant to Clara Casco from the
MIUR.
References
Akasaki, T., Sato, H., Yoshimura, Y., Ozeki, H., & Shimegi, S. (2002). Suppressive
effects of receptive ﬁeld surround on neuronal activity in the cat primary visual
cortex. Neuroscience Research, 43(3), 207–220.
Casco, C., Campana, G., Grieco, G., & Fuggetta, G. (2004). Perceptual learning
modulates electrophysiological and psychophysical response to visual texture
segmentation in humans. Neuroscience Letters, 371, 18–23.
Casco, C., Campana, G., Han, S., & Guzzon, D. (2009). Psychophysical and
electrophysiological evidence of independent facilitation by collinearity and
similarity in texture grouping and segmentation. Vision Research, 49(6),
583–593.
Casco, C., Grieco, A., Campana, G., Corvino, M. P., & Caputo, G. (2005). Attention
modulates psychophysical and electrophysiological response to visual texture
segmentation in humans. Vision Research, 45, 2384–2396.
Chen, G., Dan, Y., & Li, C. Y. (2005). Stimulation of non-classical receptive ﬁeld
enhances orientation selectivity in the cat. Journal of Physiology, 564(Pt 1),
233–243.
Das, A., & Gilbert, C. D. (1999). Topography of contextual modulations mediated by
short-range interactions in primary visual cortex. Nature, 399(6737), 655–661.
Field, D. J., Hayes, A., & Hess, R. F. (1993). Contour integration by the human visual
system: Evidence for a local ‘‘association ﬁeld”. Vision Research, 33(2), 173–193.
Finney, D. J. (1971). Probit analysis. Cambridge: Cambridge University Press.
Geisler, W. S. (1999). Motion streaks provide a spatial code for motion direction.
Nature, 400, 65–69.
Georges, S., Series, P., Fregnac, Y., & Lorenceau, J. (2002). Orientation dependent
modulation of apparent speed: psychophysical evidence. Vision Research,
42(25), 2757–2772.
Gilbert, C. D., Das, A., Ito, M., Kapadia, M. K., & Westheimer, G. (1996). Spatial
integration and cortical dynamics. Proceedings of the National Academy of Science
USA, 93, 615–622.
Giora, E., & Casco, C. (2007). Region- and edge-based conﬁgurational effects in
texture segmentation. Vision Research, 47(7), 879–886.Harrison, S. J., & Keeble, D. R. (2008). Within-texture collinearity improves human
texture segmentation. Vision Research, 48(19), 1955–1964.
Jones, H. E., Grieve, K. L., Wang, W., & Sillito, A. M. (2001). Surround suppression in
primate V1. Journal of Neurophysiology, 86(4), 2011–2028.
Kapadia, M. K., Ito, M., Gilbert, C. D., & Westheimer, G. (1995). Improvement in
visual sensitivity by changes in local context: parallel studies in human
observers and in V1 of alert monkeys. Neuron, 15(4), 843–856.
Kapadia, M. K., Westheimer, G., & Gilbert, C. D. (2000). Spatial distribution of
contextual interactions in primary visual cortex and in visual perception.
Journal of Neurophysiology, 84(4), 2048–2062.
Kastner, S., Nothdurft, H. C., & Pigarev, I. N. (1997). Neuronal correlates of pop-out in
cat striate cortex. Vision Research, 37(4), 371–376.
Knierim, J. J., & van Essen, D. C. (1992). Neuronal responses to static texture patterns
in area V1 of the alert macaque monkey. Journal of Neurophysiology, 67(4),
961–980.
Lamme, V. A. (1995). The neurophysiology of ﬁgure-ground segregation in primary
visual cortex. Journal of Neuroscience, 15(2), 1605–1615.
Lamme, V. A. (2004). Beyond the classical receptive ﬁeld: contextual modulation of
v1 responses. In L. M. Chalupa & J. S. Werner (Eds.). The visual neuroscience (Vol.
1, pp. 720–732). Cambridge, Massachusetts: MIT Press.
Li, W., Piech, V., & Gilbert, C. D. (2006). Contour saliency in primary visual cortex.
Neuron, 50(6), 951–962.
Meigen, T., Lagreze, W. D., & Bach, M. (1994). Asymmetries in preattentive line
detection. Vision Research, 34(23), 3103–3109.
Nelson, J. I., & Frost, B. J. (1978). Orientation-selective inhibition from beyond the
classic visual receptive ﬁeld. Brain Research, 139, 359–365.
Nothdurft, H. C. (1985). Texture discrimination does not occur at the cyclopean
retina. Perception, 14, 527–537.
Pack, C. C., Gartland, A. J., & Born, R. T. (2004). Integration of contour and terminator
signals in visual area MT of alert macaque. Journal of Neuroscience, 24(13),
3268–3280.
Polat, U., & Bonneh, Y. (2000). Collinear interactions and contour detection. Spatial
Vision, 13, 393–402.
Polat, U., Mizobe, K., Pettet, M. W., Kasamatsu, T., & Norcia, A. M. (1998). Collinear
stimuli regulate visual responses depending on cell’s contrast threshold. Nature,
391(6667), 580–584.
Polat, U., & Sagi, D. (1993). Lateral interactions between spatial channels:
Suppression and facilitation revealed by lateral masking experiments. Vision
Research, 33, 993–999.
Polat, U., & Sagi, D. (1994). The architecture of perceptual spatial interactions. Vision
Research, 34, 73–78.
Polat, U., & Sagi, D. (2006). Temporal asymmetry of collinear lateral interactions.
Vision Research, 46, 953–960.
Rock, I., & Palmer, S. (1990). The legacy of Gestalt psychology. Scientiﬁc American,
263(6), 84–90.
Rockland, K. S., & Lund, J. S. (1982). Widespread periodic intrinsic connections in the
tree shrew visual cortex. Science, 215, 532–534.
Rockland, K. S., & Lund, J. S. (1983). Intrinsic laminar lattice connections in primate
visual cortex. Journal of Comparative Neurology, 216, 303–318.
Sillito, A. M., Grieve, K. L., Jones, H. E., Cudeiro, J., & Davis, J. (1995). Visual cortical
mechanisms detecting focal orientation discontinuities. Nature, 378(6556),
492–496.
Singer, W., & Gray, C. M. (1995). Visual feature integration and the temporal
correlation hypothesis. Annual Review Neuroscience, 18, 555–586.
Snowden, R. J., & Hammett, S. T. (1998). The effects of surround contrast on contrast
thresholds, perceived contrast and contrast discrimination. Vision Research, 38,
1935–1945.
Solomon, J. A., Sperling, G., & Chubb, C. (1993). The lateral inhibition of perceived
contrast is indifferent to on-center/off-center segregation, but speciﬁc to
orientation. Vision Research, 33, 2671–2683.
Walker, G. A., Ohzawa, I., & Freeman, R. D. (1999). Asymmetric suppression outside
the classical receptive ﬁeld of the visual cortex. Journal of Neuroscience, 19(23),
10536–10553.
Walker, G. A., Ohzawa, I., & Freeman, R. D. (2002). Disinhibition outside receptive
ﬁelds in the visual cortex. Journal of Neuroscience, 22(13), 5659–5668.
Wertheimer, M. (1923). Untersuchungen zur Lehere von der Gestalt. Psychologische
Forschung, 4, 301–350.
Yen, S., & Finkel, L. H. (1998). Extraction of perceptually salient contours by striate
cortical networks. Vision Research, 38, 719–741.
